The cliaracteristics of an induced enzyme system responsible for the degradation of L-histidine by a soil organism were studied. Induction could be achieved by exposing cells to L-histidine, D-histidine, urocanate, p-alanyl-L-histidine or L-histidyl-L-histidine, but not by exposure to a variety of other imidazoles. The kinetics of induction by L-and D-histidine differed considerably and the D-isomer was shown to be metabolized only very slowly by fully induced cells. Chloramphenicol and DL-p-fluorophenylalanine strongly inhibited enzyme synthesis, whilst a variety of purine and pyrimidine analogues were without effect. Nitrogen starvation of noninduced cells decreased but did not completely prevent the appearance of the enzyme system on induction with D-histidine. Non-induced cells possess a low level of ' basal ' enzymes before exposure to an inducing substance.
INTRODUCTION
The pathway of L-histidine degradation has been studied in both animal tissues and bacteria. These studies led to the recognition of urocanic acid (P-imidazole acrylic acid) and glutamic acid as intermediates in histidine breakdown, and have been briefly reviewed by Tabor (1955) and Greenberg (1954) . Tabor & Hayaishi (1952) studied the degradation of histidine by Pseudomonas Jluorescens, and Tabor and his co-workers showed that extracts of this organism degraded L-histidine to ammonia, formate and glutamate ; urocanate was implicated as an intermediate (Tabor, 1955) . Magasanik & Bowser (1955) described similar experiments with Aerobacter aerogenes. The pathway of histidine breakdown in this organism resembled closely that found in Pseudomonas Jluorescens, though differed in detail. Wickremasinghe & Fry (1954) demonstrated the formation of urocanate and glutamate during the breakdown of histidine by Clostridium tetanomorphum. Suda, Miyahara, Tomihata & Kato (1952) reported that the enzymes responsible for histidine degradation in a pseudomonad isolated from soil were inducible, and Magasanik (1953) presented similar evidence for Aerobacter aerogenes. Tristram (1953) presented a preliminary report of the induced breakdown of L-histidine by a soil organism. The purpose of this paper is to examine the factors affecting the induction in this organism.
METHODS
Organism. The organism used in this work was originally isolated from soil and given the number 232. It was subsequently identified by Dr M. E. Rhodea (Reading University) as a strain of Paracolobactrum aerogenoides (Bergey's Manual, 1957 ).
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Chemicals. L-and D-histidine were obtained from Hoffman La Roche; urocanic acid, DL-p-fluorophenylalanine, DL-ethionine and p-2-~-thienylalanine from L. Light and Co. Colnbrook; purine and pyrimidine analogues from Sigma Chemical Co.; histamine and benzimidazole from British Drug Houses Ltd. ; chloromycetin (chloramphenicol) from Parke, Davis and Co. ; imidazole and 4 : 5 imidazole dicarboxylic acid from Eastman Kodak, and inorganic salts of 'Analar' quality from British Drug Houses Ltd. The Radiochemical Centre, Amersham, supplied [%ring-14C]-~-histidine, and p-( pyrazolyl-3)-alanine was prepared by Professor Dr R.
Huttel of Munich.
,Media and cultivation. Unless otherwise stated the organism was grown on a medium containing 150 ml. 0-2 M-KH~PO, with the following additions: glucose, 10.0 g.; NH4C1, 2.0 g.; MgS04.7H,0, 0.1 g.; NaCl, 1-0 g.; FeS04.7H,0, trace; x-NaOH to pH 7.2 (about 21 ml.) and Pyrex-distilled water to 1 1. Cultures were maintained as slopes on the above medium with the addition of 1.5 yo (w/v) Difco agar and after incubation at 30" stored a t 4". Cells for metabolic experiments were grown in 75 ml. portions of liquid medium contained in 250 ml. Erlenmeyer flasks, inoculated with 2 ml. of an actively growing culture and incubated by shaking for 18 hr. at 3 0 ' . The organism was harvested by centrifugation and resuspended in 0.067 M phosphate buffer, pH 7.2. The rate of endogenous respiration of cells immediately after harvesting was high and, unless otherwise stated, suspensions were starved overnight in the same phosphate buffer in shaken flasks at 30°, whereupon the rate of endogenous respiration fell to a low and constant level. Adapted cells were obtained by shaking starved cells in 0.067 M-phosphate buffer (pH 7-2) containing 0.003 M-L-histidine a t 30" and following oxygen absorption in a pilot experiment until the rate became constant, after which the cells were washed and resuspended in phosphate buffer. Adapted cells were also produced by growth in the presence of L-histidine, either replacing ammonium chloride as sole nitrogen source, or replacing both glucose and ammonium chloride as sole sources of carbon and nitrogen in the basal medium described above. The L-histidine oxidizing capacity of cells grown in this way varied widely according to the age of culture from which the cells were harvested. Adapted cells retained their full activity for a t least 6 days on storage at -lo', though similar cells stored in the presence of chloramphenicol lost about 25 yo of their activity on storage for the same period.
Growth and dry weight content of suspensions were determined turbidimetrically in a Hilger absorptiometer, using a suitable calibration curve. Toluene-treated cells were obtained by adding a few drops of redistilled toluene to suspensions of induced or non-induced cells in 0-067 M-phosphate buffer (pH 7.2), and shaking for 30 min. at 20".
Cell-free enzyme preparations. Cell-free extracts were prepared by grinding a cell paste a t 0" with Microid Polishing Alumina (supplied by Griffin and Tatlock Ltd.), in a cooled glass mortar (McIlwain, 1948) . The preparation was extracted with cold 0.067 M-phosphate buffer (pH 7.2) containing 0.001 M reduced gluthathione (GSH) and centrifuged at 5" to remove unbroken cells, alumina particles and cell debris.
Chemical estimations. Ammonia was estimated by microdiffusion in Conway units (Conway, 1947) , followed by nesslerization of the centre-well fluid, using the Nessler solution of Folin & Denis (1916) . The estimation of a-amino nitrogen was carried out by measurement at 570 mp of the ninhydrin colour developed by the method of Moore & Stein (1948) , with L-histidine as standard. Histidine and glutamate were separated chromatographically, using n-butanol + acetic acid + water as solvent and 0.1 yo (w/v) ninhydrin in 95 yo ethanol for the detection of the spots. L-Glutamate was estimated quantitatively by the glutamic acid decarboxylase of Clostridium welchii B.W. 21 (Epps, 1945;  Gale, 1945) . The quantitative estimation of urocanic acid was carried out by measurement of the absorption a t 277 mp in a Unicam S.P. 500 spectrophotometer (Mehler & Tabor, 1953) .
Radioactivity was measured in a proportional gas flow (methane) counter, using ground glass planchettes. The thickness of samples was such that self absorption was negligible.
Enzyme assays. Histidase (histidine a-deaminase, histidine deaminase) activity was determined by measurement of the urocanate formed at 30" by cell-free extracts previously heated to 80' for 15 min., followed by rapid cooling (Tabor & Mehler, 1955) . Routine estimations of the activity of cells towards L-histidine were made by measuring the rate of oxygen uptake in the presence of 0.003 M-L-histidine in 0.067 Mphosphate buffer (pH 7.2) at 30°, by conventional manometric methods. Comparisons between the rate of oxygen uptake by intact cells and the rate of ammonia production from L-histidine by cell-free extracts of partially induced cells suggested that measurements of oxygen uptake yielded valid estimates of the amounts of L-histidine degrading enzymes. This conclusion was supported by the observation that glutamate, an intermediate in L-histidine degradation, was rapidly oxidized a t equal rates by both induced and non-induced cells, suggesting that changes associated with induction were confined to enzymes active exclusively in the conversion of L-histidine to glutamate, and not with the subsequent oxidation of the glutamate formed.
RESULTS
The inducible nature of L-histidine oxidation Organisms grown in basal medium and then starved in 0.067 M-phosphate buffer (pH 7-52), exhibited a low rate of oxygen uptake on the addition of L-histidine. However, the rate of oxygen absorption increased until it reached a high and constant value in about 4 hr. (Fig. 1) . Under these conditions the Qo, increased from c. 7 to 50-55 and did not increase further in the presence of a higher initial L-histidine concentration or on the addition of a second quantity of the amino acid when oxidation of the first addition had ceased. Organisms grown in basal medium in which ammonium chloride was replaced by L-histidine ( 5 g./l.), or in which both glucose and ammonium chloride were replaced by L-histidine as sole source of carbon and nitrogen exhibited a high rate of oxygen absorption immediately on the addition of L-histidine to washed organisms in 0.067 M-phosphate (pH 7.2) (Fig. 1) .
Non-induced organisms grown in basal medium lacked the ability to oxidize urocanate but adaptation to L-histidine also imparted the ability to oxidize urocanate. Suspensions of starved organisms also acquired ability to degrade urocanate when shaken with 0.003 M-urocanate and were able to oxidize L-histidine. Urocanate was never oxidized as rapidly as L-histidine by organisms induced with L-histidine or urocanate, due possibly to the failure of urocanate to penetrate readily into the cell. Glutamate was oxidized rapidly and at equal rates by unadapted organisms and by organisms exposed to either L-histidine or urocanate. M-DL-p-fluorophenylalanine or 5.0 x M P-%~-thienylalanine to non-induced organisms in presence of L-histidine under conditions described above, completely suppressed the adaptive response. The separate addition of 5-bromouracil, 6-amino-2-mercaptopurine sulphate, 2:6-diamino-purine sulphate or 5-fluorouracil, all a t a concentration of 500 ,ug./ml., were without effect on the course of induction. At the same concentration 8-azaguanine was slightly inhibitory. The adaptive response of non-induced organisms to L-histidine was prevented by chloramphenicol a t a concentration of 5 ,ug./ml., whereas 1000 pg./ml. did not inhibit the oxidation of L-histidine by induced organisms. Addition of chloramphenicol (50 ,ug./ml.) during the course of induction resulted in oxygen absorption continuing linearly a t the rate reached a t the moment of addition of the inhibitor (Fig. 2) . Chloramphenicol was accordingly used for the prevention of further enzyme synthesis during the experiments to be described below.
Presence of a permeability barrier or enzyme inhibitor in Izon-induced cells. The effect of inhibitors suggests the synthesis of enzyme protein (or proteins) was involved during adaptation to L-histidine, though synthesis of a protein component of a transport mechanism responsible for the penetration of L-histidine into the cells might be involved. Cell-free extracts of induced cells, or toluene-treated induced cells, produced glutamate and ammonia from L-histidine, whereas similar treatment of non-induced cells yielded almost inactive preparations (Table 1) . Preparations of non-induced cells produce small amounts of ammonia and glutamate owing to the presence of 'basal' enzymes in such cells. The possibility that non-induced cells possess the enzymes responsible for L-histidine degradation but contain an inhibitor which is in some way removed on the addition of inducer, appeared unlikely since the addition of a cell-free extract of non-induced cells had no inhibitory effect on the production of ammonia from L-histidine by a cell-free extract of induced cells.
T h e occurrence of ' basal ' enzyme in, non-induced cells. The addition of chloramphenicol to thick suspensions of non-induced cells was without significant effect on the rate of endogenous respiration, but the further addition of L-histidine resulted in a slight, but reproducible, stimulation of oxygen uptake (Table 3) ( 2-ring-14C)-~-histidine, an observation which supports the view that non-induced cells are permeable to L-histidine, without the prior synthesis of a transport mechanism (or permease).
The ability of imidazoles to act as inducing substances A variety of imidazoles other than L-histidine were tested for their ability to induce the formation of enzymes responsible for the degradation of L-histidine. Suspensions of non-induced cells were exposed to compounds for 4 hr., further enzyme synthesis being prevented by the addition of chloramphenicol. After washing and resuspending the cells in 0.067 M-phosphate buffer (pH 7.2) containing chloramphenicol(50 ,ug./ml.), the ability of suspensions to oxidize L-histidine was measured (Table 2) reveals that urocanic acid, Dhistidine, L-histidyl-L-histidine and P-alanyl-L-histidine were capable of acting as inducers, whereas a variety of other imidazoles were devoid of activity. The single pyrazole tested, namely 18-( pyrazolyl-3)-alanine was unable to induce the synthesis of L-histidine degrading enzymes. The enzyme activities induced in the presence of L-histidyl-L-histidine, P-alanyl-L-histidine, urocanate and D-histidine were in all instances considerably lower than that induced by an identical molar concentration of L-histidine. It appeared likely that induction by the two dipeptides was due to hydrolysis to free histidine, but this point was not investigated further.
The possibility that induction by D-histidine was due to contamination by the k-isomer was prevented by using a preparation of the D-isomer freed of L-histidine by previously shaking an aqueous solution of commercial D-histidine with a thick suspension of fully induced organisms for 1 hr. to destroy any L-histidine, followed by centrifugation and precipitation of the D-isomer by addition of absolute ethanol. This product did not support the growth of Streptococcus faecalis R or Leuconostoc mesenteroides P-60 in media suitable for the micro-biological assay of L-histidine (Henderson & Snell, 1948) . 
Metabolism of mhistidine
The use of thick suspensions of non-induced organisms revealed a higher rate of oxygen uptake in the presence of D-histidine compared with the endogenous respiration rate. The further addition of chloramphenicol to suppress enzyme synthesis in presence of D-histidine resulted in a decrease in the rate of oxygen uptake to a value very close to the endogenous rate (Table 3) . There is good evidence that the respiration rate of many systems is controlled by the concentration of phosphate acceptors and since the addition of D-histidine initiates enzyme synthesis this may increase the concentration of phosphate acceptors and hence increase the rate of respiration (Chance & Williams, 1956 ). The addition of D-histidine to induced organisms resulted in significant stimulation of the rate of oxygen uptake compared with the rate observed in control organisms. Further addition of chloramphenicol had little or no effect ( Table 3 ). Comparison of rates of oxygen uptake by induced organisms in presence of D-or L-histidine reveals that, after subtraction of the endogenous rate of oxygen absorption, the rate of oxidation of the D-isomer was about 10 yo of the L-histidine oxidation rate; D-histidine did not inhibit the oxidation of L-histidine by induced organisms a t D : L ratios as high as 25 : 1.
The formation of ammonia from L-and D-histidine by thick suspensions of intact induced organisms and toluene-treated induced organisms is shown in Fig. 4 . Ammonia production from the D-isomer was considerably less than from L-histidine.
The addition of L-histidine to toluene-treated induced organisms resulted in the accumulation of virtually quantitative amounts of glutamate (Table 1 and Fig. 4) . In several experiments involving the addition of the D-isomer to such organisms no significant glutamate production was detected above the trace amounts found chromatographically in control organisms to which water had been added.
Extracts of induced organisms yielded ammonia from L-histidine, but not from the D-isomer (Fig. 5) . Tabor & Mehler (1955) showed that urocanase activity of extracts of PseudomonasJluorescens could be eliminated by heating the cell-free extract to 80' for 15 min. The histidase activity of heated extracts was unimpaired and resulted in the accumulation of urocanate from L-histidine. Figure 5 shows that /-.- heated extracts of organism 232 also produced ammonia and urocanate from L-histidine, but no increase in either ammonia or urocanate could be detected in the presence of D-histidine. Thus D-histidine was apparently metabolized by the organism studied, though the rate of metabolism was very much slower than that of the L-isomer. Furthermore, the failure to demonstrate ammonia and urocanate formation from D-histidine by extracts able to produce both these substances from L-histidine suggests that the oxygen absorption observed when the D-isomer was added to induced organisms was the result of a different metabolic pathway from that responsible for the degradation of L-histidine. after correction for the endogenous oxygen absorption.
The kinetics of induction The kinetics of induction, together with the factors affecting the induction process, were studied by taking samples of organisms exposed to inducer into centrifuge tubes containing chloramphenicol solution to give a final concentration of 50 pg. chloramphenicol/ml., centrifuging, washing and resuspending the organisms in sufficient 0.067 M-phosphate buffer (pH 7-2) containing chloramphenicol to give 2 mg. dry wt. cellslml. suspension. The amount of induced enzyme or enzymes synthesized was measured by the determination of the rate of oxygen uptake by 2 ml. samples of these washed suspensions in the presence of 0.003 M-L-histidine.
Induction by L-histidine. The kinetics of enzyme induction in a washed cell population exposed t o L-histidine is shown in Fig. 6 . Increasing the initial concentration of the inducer from 0.003 M-to 0.01 M-L-histidine did not affect the maximal level of enzymic activity, but delayed the onset of the subsequent decrease in activity, which was correlated with the disappearance of the inducer.
Induction by D-histidine. When D-histidine was added to a washed suspension of the organism enzymes capable of degrading the L-isomer were formed, but the kinetics of the induction differed from those observed when L-histidine was used as the inducing agent. Enzyme production was linear and the maximum enzyme value was H. TRISTRAM not reached until 6-7 hr. after addition of the inducer (Fig. 7) . Furthermore, the final enzyme value attained was lower than that reached by organisms induced with L-isomer and was stable for a t least 12 hr. This stability was shown to be due to continued presence of D-histidine, whereas under the conditions of the experiments induction by L-histidine was followed by a ' decay ' of enzyme activity following the rapid exhaustion of the inducer. Within the limits of accuracy of the method used for measurement of enzyme activity the formation of enzyme commenced immediately on the addition of inducer.
Organisms induced with D-histidine oxidized not only L-histidine, but also urocanic acid. In a typical experiment a suspension of organisms induced with D-histidine oxidized L-isomer at a rate equivalent to the uptake of 90 At intervals 8.0 ml. samples were withdrawn into centrifuge tubes containing sufficient chloramphenicol solution, to give a final concentration of 50 pg. chloramphenicol/ml. After washing in 0.067 M-phosphate buffer (pH 7.2) containing 50 pg. chloramphenicol/ml. the pellets were resuspended in the same solution to give 2 mg. dry wt. cells/ml. and duplicate 2 ml. samples placed in Warburg flasks. Enzyme synthesis was measured as the rate of oxygen uptake in the presence of 0.003 M-L-histidine. Endogenous respiration rates were obtained from a Warburg flask containing water in place of L-histidine. Each point represents the average of duplicate determinations. Endogenous respiration rate (23 pl. O,/hr.) not subtracted. Fig. 7 . The induction of L-histidine degrading enzymes by D-histidine in the presence and absence of sodium succinate and ammonium chloride. Details and symbols as in Fig. 6 , except that induction was accomplished with 0.003 M-D-histidine. this observation will be discussed later (see Discussion). In all experiments described the initial inducer concentration was 3-33 ,umole./ml. Under the conditions outlined above, using D-histidine as inducer, the induction mechanism appeared to be saturated and the maximum rate of enzyme synthesis achieved a t a concentration of 2-0 pmole, D-histidine/ml.
The efect of succinate and ammonium chloride on induction. The difference in final enzyme values after induction with L-and D-histidine (Figs. 6 and 7) was consistently observed in a number of experiments. This difference may be accounted for by exhaustion of endogenously available nitrogen sources, respiratory substrate, carbon for synthetic purposes (or a combination of these factors) in organisms induced with D-histidine, whereas in those induced with the L-isomer these reserves may be replenished from the products of L-histidine degradation. The effects of adding 0.02 M-sodium succinate and ammonium chloride (100 ,ug./ml.) on the development of induced enzyme activity, with L-and D-histidine as inducers are shown in Figs. 6 and 7 . Addition of succinate resulted in an increase in the rate of enzyme formation and the final values of enzymic activity attained was higher than the corresponding maxima observed in the absence of succinate. Furthermore, in the presence of succinate, induction by D-histidine led to a final enzymic activity identical with that observed when organisms were induced by L-isomer. The addition of ammonium chloride (100 ,ug./ml.) was without effect on either the rate or final value of enzyme production whether organisms were induced with L-or D-histidine, either in the presence or absence of succinate. 
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The eflect of nitrogen starvation Nitrogen-starved organisms were obtained in two ways. Type I organisms were harvested after growth in normal medium, washed and resuspended aseptically in normal medium from which the nitrogen source was omitted, and shaken for 6 hr. at 30". Control organisms were resuspended in medium containing normal amounts of ammonium chloride (see Methods). Type I1 organisms were obtained by growth organisms in medium containing a limiting amount of ammonium chloride (300 mg./l medium). Growth ceased due to the exhaustion of nitrogen supply and enzyme synthesis by these organisms was compared with control cells grown on normal medium. On addition of D-histidine both Type I organisms and Type 11 organisms were able to synthesize induced enzyme, though after a 6 hr. induction period Type I organisms had only 75 % of the activity of ' normal ' ones and Type I1 organisms developed enzyme equivalent to 53 % of that of 'normal' organisms ( Table 4 ). The endogenous rates of respiration of both types of nitrogen-starved organisms was high, presumably due to assimilation of carbon from the medium in the absence of exogenous nitrogen sources.
DISCUSSION
The synthesis of histidase and urocanase (and possibly other enzymes involved in the conversion of L-histidine to glutamate) has been shown to be inducible in Paracolobactrum aerogenoides (strain 232). The adaptive pattern in this organism closely resembles that described in a pseudomonad (Suda et al. 1952) . The formation of urocanate, glutamate and ammonia by extracts of induced organisms and toluene-treated organisms (Figs. 4 and 5 ) suggests that the pathway of L-histidine degradation is similar to that observed in Pseudomonm Jluorescens and Aerobacter aerogenes (Tabor, 1955; Magasanik & Bowser, 1955) .
Competent inducers, structurally related to the substrates of induced enzymes, though incapable of acting as substrates have been described for a variety of bacterial systems (Monod, Cohen- Duerksen & Halvorson, 1959) . The failure to detect urocanate and glutamate formation from D-histidine by extracts of organism 232 supports the view that the D-isomer is behaving as a 'non-metabolizable' inducer. Addition of Dhistidine to fully induced organisms does, however, lead to slight stimulation of the rate of oxygen uptake and ammonia production ( Table 3 and Fig. 4) . Kallio & Larson (1955) , studying the methionine racemase of a pseudomonad, and Gunsalus, Stanier & Gunsalus (1953) , studying the mandelic acid racemase of Pseudomonas Jluorescms, described the induction by the D-isomer of an enzyme attacking the corresponding L-isomer. Both these racemases differ from the histidine oxidation system since both isomers are substrates and are attacked at comparable rates. Shilo (1957) and Shilo & Stanier (1957) described a strain of soil pseudomonad capable of forming three stereospecific dehydrases active against d-, I-and meso-tartrates (see Shilo Zoc. cit. for configurational notation). The induction of each dehydrase was also highly stereospecific, so that only the isomer on which the organism had been grown was oxidized without a lag. La Rivihre (1956) recorded similar observations with P . putida, but a situation a t variance with these results has been described (Martin & Foster, 1957) .
The induction pattern exhibited by D-histidine in our Paracolobuctrum may be explained by the slow conversion of the D-histidine to the L-isomer, followed by sequential induction of urocanase by the urocanate produced from L-histidine by the action of histidase. Alternatively, since urocanate induces the formation of both histidase and urocanase, the conversion of D-histidine to urocanate by histidase would account for the experimental observations. This explanation seems unlikely, since the available evidence suggests that histidase does not attack the D-isomer.
Lastly both isomers of histidine, together with urocanate, may be converted to a compound which is responsible for the actual induction of the enzymes, or the induction site may be characterized by relatively poor specificity and capable of being activated by both isomers of histidine and by urocanate.
Three possible mechanisms by which D-histidine may be converted to the L-isomer may be discussed. First, the organisms may contain a histidine racemase comparable with the alanine racemase of Streptococcus faecalis and other bacteria (Wood & Gunsalus, 1951; Stewart & Halvorson, 1953; Marr & Wilson, 1954) , the methionine racemase of a pseudomonad (Kallio & Larson, 1955) or the glutamate racemase of Lactobacillus arabinosus (Narrod & Wood, 1952) . Secondly, D-histidine may be attacked by a D-amino acid oxidase, yielding P-imidazole pyruvate which, by transamination, could yield L-histidine. Finally, the D-isomer may be converted to the L-isomer by the successive actions of a D-amino acid transaminase, alanine racemase and L-amino acid transaminase as follows : (1937) who studied the growth of rats (for which histidine is an essential amino acid) on a diet containing the D-isomer as source of histidine. Analysis of carcasses showed an increase in histidine content and the histidine isolated was virtually pure L-histidine.
Reviewing the utilization of D-amino acids by animals Berg (1959) suggested that the mechanism of this inversion consists of conversion to the a-keto analogue followed by re-amination by transamination. Extracts of paracolobactrum 232, heat-treated to destroy urocanase activity (Tabor & Mehler, 1955) , produced ammonia and urocanate from L-histidine, but no detectable amounts from the D-isomer (Fig. 5) , and suggesting that the histidase of this organism is inactive against D-histidine. This observation is in agreement with that of Edlbacher & Kraus (1930) who stated that D-histidine is not attacked by animal histidase. These observations suggest that the D-isomer is metabolized by a route different from that of L-histidine, but do not exclude the possibility of the occurrence of a histidine racemase since this enzyme may be labile to the extraction procedures used, or more especially to the heat treatment necessary for the destruction of urocanase activity. The oxygen absorption and ammonia production observed on the addition of D-histidine to organism 232 (Table 3 and Fig. 4 ) may be associated with the activity of a D-amino acid oxidase. Most D-amino acid oxidases of animal tissues and most micro-organisms so far studied attack D-histidine and other basic amino acids very slowly (review by Krebs, 1951) . However, Stumpf & Green (1946) reported that extracts of Proteus vulgaris and P. morganii oxidized D-histidine. N o figures were quoted but only three other D-isomers (alanine, phenylalanine and phenylaminobutyrate) were attacked more rapidly than D-histidine.
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The organism studied in the present investigation may contain such an oxidase of low activity, though apart from the very slow oxidation of D-histidine (Table 3) the organism oxidized D-phenylalanine but failed to oxidize the D-isomers of valine, leucine, isoleucine, methionine or tryptophan. The failure of histamine and the ability of urocanic acid (p-imidazole acrylic acid) to induce suggests that the a-COOH group (of histidine) must remain intact for activity. More striking is the observation that P-(pyrazolyl-3)-alanine (I), differing from histidine (11) Pollock (1957) demonstrated that non-induced Bacillus cereus contained small levels of 'basal' penicillinase and the study of other induced enzymes for which a sufficiently sensitive assay exists has usually revealed the presence of small amounts of enzyme even in non-induced cells. Exposure of non-induced Paracolobactrum 232 to L-histidine under conditions precluding enzyme synthesis led to the liberation of the C-2 of the imidazole ring as CO, (Fig. 8) . Furthermore toluene-treated noninduced cells and extracts of them produce small amounts of ammonia and glutamate from L-histidine (Table 1) . It seems reasonable to assume that the mechanism of the production of these substances is identical with that found in induced organisms and that non-induced organisms contain small quantities of the enzymes formed on induction by histidine. The data presented in Table 1 also support the view that noninduced organisms lack at least one of the enzymes responsible for L-histidine breakdown and that the adaptive process does not involve the synthesis of an inducible transport mechanism (or permease) of the type described in other bacterial systems (Rickenberg, Cohen, Buttin & Monod, 1956;  Green, 1956; Pardee, 1957 ).
This conclusion is also supported Icy the fact that there was no lag in the evolution of l4CO, from ( 2-ring-14C)-~-histidine by non-induced organisms, an observation which suggests that these are permeable to L-histidine (Fig. 3) .
The form of the curve relating enzyme formation induced by L-histidine with time ( Fig. 6) is consistent with the idea that L-histidine, besides acting as inducer, was supplying respiratory energy, carbon skeletons or low molecular weight nitrogenous precursor material for enzyme synthesis. The course of enzyme synthesis under conditions where D-histidine was the inducing substance was linear (Fig. 7) and is comparable to ' gratuitous ' conditions of induction (though the present experiments were conducted with washed suspensions and not with exponentially growing cultures). Markovitz & Klein (1955) described a similar linear production of induced a-amylase in washed suspensions of Psezldomonas saccharophila. The effect of succinate on the rate and final level of enzyme activity suggests that, in unsupplemented washed suspensions, the supply of respiratory substrates or carbon skeletons for synthetic purposes may have limited enzyme formation. Addition of ammonium chloride was without effect, suggesting that synthesis of enzyme in 'normal' organisms was not limited by supply of available nitrogen (Figs. 6, 7) , though depletion of nitrogenous reserves by nitrogen starvation led to a decrease in the total enzyme produced in organisms induced with D-histidine ( Table 4) .
